Wesearched for a new cell aggregation factor for hepatoma AH109Acells, and found one we called HAFin the culture filtrate of Streptomyces sp. strain No. A-6143 isolated from a soil sample. HAFwas purified by salting-out with ammoniumsulfate, DEAE-cellulose column chromatography, gel filtration on Sephadex G-100, and hydroxylapatite column chromatography. HAFwas a glycoprotein which had a molecular weight of about 73,000. HAFwas stable from pH 6 to 8 at 37°C and up to 40°C at pH 8.0, and the aggregation activity of HAFwas maximumaround pH 8 at 30°C. The activity was not influenced by some saccharides, but it was inhibited by EDTAand EGTA; moreover HAF activity was restored by the addition of calcium ions. HAFaggregated hepatoma AH136Band COS-7 cells as well as hepatoma AH109Acells, but it was inert to other cancer cells and human erythrocytes. These properties proved that HAFis completely different from other aggregation factors for cancer cells so far reported.
Intracellular adhesion is of fundamental importance in the physiology of multicellular organisms. Several attempts to clarify the mechanism of intracellular adhesion have proved that it is a highly complex phenomenonin which many factors operate, i.e., adhesive substances, divalent cations, and so on. And also, we reported that SAF,10'n) 3315-AF,12) and 3315-AF213) produced by streptomycetes did not aggregate erythrocytes, and that these factors aggregated microorganisms and cancer cells differentially.
To obtain a new factor aggregating hepatoma AH109A cells, we screened various microorganisms, and a factor was found in the 2061 culture filtrate of Streptomyces sp. strain No. A-6143, which was isolated from a soil sample.
By comparing biochemical and physicochemical characteristics of the factor with those of other known aggregation substances, we found that this is a new aggregation factor. Hereafter, this factor will be referred to as HAF. In this paper, the purification procedure and some properties of HAFare described.
Materials and Methods
Organisms and materials. Hepatoma AH109A14)cells have been maintained in our laboratory by routine 6-day- Screening test for microorganisms that produced aggregationfactor. The strains of Streptomyces sp. isolated from soils were inoculated in S medium consisting of 2%glu-cose, 3% starch, l%,corn steep liquor, 1% soybean flour, 0.5% peptone, 0.3% NaCl, and 0.5% CaCO3 (pH 7.0), and cultivated at 28°C for 3 to 5 days on a rotary shaker (180 rpm, 5 cm radius). After cultivation, the mycelia were removed by centrifugation and the culture filltrates were assayed for aggregation activity by the microtiter method using cell suspension of hepatoma AH109A.
Assay of aggregation activity. Aggregation activity was observed directly with a light microscope. The cell suspension was diluted with HBSS to obtain a cell count of 1 x 107 cells/ml. Forty /il ofa serial dilution of aggregation factor in HBSSwas prepared in flat wells of a microtiter plate. Then 10 /A of the above cell suspension was added to each well and mixed well. The mixture was left to stand for 60min at 28°C and then 250fi\ ofHBSS was added to each mixture. The mixture was examined with a microscope for the occurrence of aggregation relative to the control containing no factor. The activity was expressed as the reciprocal of concentration of aggregation factor with positive aggregation. 
Results and Discussion
Results of screening Culture filtrates of streptomycetes were tested by assay method described in Materials and Methods. Among200 strains of streptomycetes tested, ll strains produced a kind of aggregation factor toward hepatoma AH109A cells in their culture filtrates. Nine strains among them also aggregated human erythrocytes. Only two strains aggregated hepatoma AH109A cells without aggregating erythrocytes.
The strain No. A-6143 had higher aggregation activity than another one, and the activity was not observed in the mycelia of this strain. Therefore, further studies were Conditions for producing aggregation factor by the strain No. A-6143 culture The culture conditions were examined to obtain the highest production of aggregation factor, and optimal conditions are summarized in Table I . Under these culture conditions, changes in aggregation activity and pH in the culture filtrate, and growth of mycelia with cultivation time are shown in Fig. 1 . Aggregation activity appeared in its death phase. The activity reached a maximumat 5 days of cultivation, and thereafter its activity gradually decreased as the mycelia began to decrease and the pH rose. The factor in the and then dialyzed against the same buffer for 2 days to free it from ammoniumsulfate. This nated with some proteins having no aggregation activity, but the first peak that passed through the column was shown as a single band in the gel. Therefore, the active fraction (tubes 5-9) were combined and dialyzed against water to remove any salt and then lyophilized.
Homogeneity of HAF was examined by polyacrylamide gel disc electrophoresis at pH 8.0. As shown in Fig. 3, HAF Effects of pH and temperature on the aggregation activity of HAF
The aggregation activity was measured while changing the pH from 3 to ll.0. As shown in Fig. 5(A) , the activity ofHAF turned out to be pH-dependent. HAFshowed weak aggregation activity at acidic pH, the activity increased as the pH rose, and the activitywas not shown at pH above 10. The optimal pH of HAF for aggregation toward hepatoma AH109A cells was 8 to 9. The aggregation activity was examined at incubation temperatures from 0°C to 80°C. Figure 5(B) shows that the activity was temperature-dependent as with pH, and its activity was maximumat around 30°C.
Effects of pH and temperature on stability of HAF The stability ofHAF was tested in buffer solution of various pHs at 37°C for 60min.
Residual activity was measured at pH 8.0. As shown in Fig. 6 (A), HAFwas stable from pH 7 to 8, but its activity was about 50% of the initial activity. After treatment at various temperatures for 60min at pH 8.0, each remaining activity was assayed at 37°C. As shown in Fig. 6(B) , HAF was stable up to 40°C, but gradual inactivation occurred above 40°C, and HAFwas completely inactivated at 60°C.
Effects of various reagents on the aggregation activity of HAF It is known that the productivity of lfucose-or D-mannose-specific lectins was widely distributed in streptomycetes. 18 19) And also, we reported that the aggregation activities of SAF1CU1) and 3315-AF12) were not inhibited by various saccharides, but both factors were inhibited by bovine serum albumin. The effects of various reagents on HAFactivity were investigated by measuring the remaining aggregation activity toward hepatoma AH109Acells after incubation of HAF with each reagent at pH 8.0 and 37°C for lOmin. As shown in Table III Oishi et al.6) reported that the aggregation at pH 6 of mouse tumor cell agglutinin from streptomycetes was strongly inhibited by EDTAand the inhibition was not restored by CaCl2 solution was added to make a final concentration of.1 mMin the mixture, and then the aggregation activity was assayed using Ca, Mg-free HBSS. As shown in Table IV, HAF completely lost its activity by incubation with EDTA, however this EDTA-inhibition disappeared upon the addition of calcium ions, thus differing from mouse tumor cell agglutinin. The fact also suggested that calcium atoms, which were essential for its activity, might be contained in the HAFmolecule. HAF has high selectivity toward hepatoma AH109Acells. It would be interesting to find the HAFbinding site on the cell surface. The receptor for HAFand the mode of action are nowunder investigation, and the results will be described in our next paper.
